In a search for new Galactic planetary nebulae from our systematic scans of the AngloAustralian Observatory/United Kingdom Schmidt Telescope (AAO/UKST) Hα survey of the Southern Galactic Plane, we have identified a Population I Wolf-Rayet star of type WN7h associated with an unusual ring nebula that has a fractured rim. We present imagery in Hα, the 843-MHz continuum from the Molonglo Observatory Synthesis Telescope (MOST), the mid-infrared from the Midcourse Space Experiment (MSX), and confirmatory optical spectroscopy of the character of the nebula and of its central star. The inner edge of the Hα shell shows gravitational instabilities with a well-defined wavelength around its complete circumference.
. The image of the ring of PHR1633-4928 in Hα, taken from the AAO/UKST Hα survey. Note the scalloping on the inside of the ring with fingers of material extending toward the central star. The image has dimensions 118 ′′ ×135 ′′ . A circle of radius 36 ′′ inscribed about the central star is a good representation of the nebular rim. The image resolution is ∼ 1.5 ′′ , with 0.67 ′′ pixel size, and it is not flux calibrated.
previously published [WR] CPSN, many of our new [WR] CSPNs
are frequently found to be nitrogen enriched, hinting that some subtle selection effect might be operating. In the present paper we describe a ring nebula of rather unusual structure that was discovered by one of us (QAP) during the search for PNe and originally catalogued as a new PN candidate. Interestingly its central star is also of the nitrogen sequence.
At the nebular location, Vega et al. (1980) find a weak unresolved object (VRMF 61) found from a photographic, objectiveprism, Hα survey. This again neatly indicates the ability of the AAO/UKST Hα survey to uncover new low surface brightness nebulosities due to its unrivalled combination of sensitivity, resolution and coverage. A 60-µm IRAS source (16300-4922) is also listed, with no detections in the other three bands. The central star of the ring is a WR star that we believe is a Population I object rather than a CSPN. In §2 we discuss the morphology of the nebula; in §3 the optical spectra of nebula and star; §4 radio continuum imagery from Molonglo; §5, mid-infrared (MIR) MSX images; §6, 2MASS near-infrared (NIR) images; §7, optical and IR photometry; and in §8 the distance estimates to the nebula and the stellar spectral energy distribution (SED). Our discussion is given in §9 and covers the nature of the nebula and the physical processes that have shaped it. 
THE NEBULA
PCG 11, or PHR1633-4928, was identified as a candidate PN during the MASH visual scanning phase, and targeted as a high priority for spectroscopic follow-up due to the unusual morphology of the nebular ring, as illustrated in Figure 1 . Table 1 presents parameters for this nebula and its exciting star, separated into results drawn from the MASH survey, from the literature, and derived in this paper. The overall outer dimensions of the nebulae are 91 ′′ (major axis) by 77 ′′ (minor axis). The first impression is that the nebula is oval, due primarily to the "blow-outs" to the N-E and S-W of the nebulae lending it a lemon-like overall outer shape. In fact, if these two opposing regions are ignored, its periphery is very closely circular with a radius of 36 ′′ , centred on the coordinates given at the top of Table 1 . We identify the exciting star as the bright SE component of the central blend of two stellar images because of its location at the geometric centre of this circle and its WR spectrum ( §3). Ansae extend beyond the ring to the north and south where the rim is punctured by a pair of symmetric blow-outs along a di- Several of these fingers of gas are more obvious than the nebulous rim in general, but are brightened by foreground or background stars ( §6). Within the ring there is even less emission (appearing "lighter" in this negative image) than the surrounding interstellar medium (ISM). The dark cloud "DC 328", from the catalogue by Feitzinger & Stuwe (1984) , is centred at l = 335.37 
The central star
The two independent lower-resolution stellar spectra of the central star of PCG 11 taken at SAAO were co-added. We have firmly classified PCG 11 as WN7h using three dif- of NIV is too weak to measure; and 4605 of NV cannot be separated adequately from 4621 in our spectrum. All these ratios indicate a WN7 star. Direct comparisons have been made of PCG 11's spectrum with the spectra of Population I WR stars presented both by Smith et al. (1996) (as far as 6000Å) and by Vreux et al. (1989) 
MOLONGLO RADIO CONTINUUM IMAGES
Three independent images are available from the Molonglo Galac- white contours overlaid on the Hα image in Figure 5 . The noise in the combined image is 1.0 mJy beam −1 .
There are twin peaks in the radio map on the northeast and southwest rims of the Hα ring, both with values of 12 mJy beam −1 .
The emission falls at the middle of the image to a local mini- This suggests that PCG 11 is more distant than the 1.3-3.7 kpc of these previously known Galactic WR ring nebulae, and/or that the mass loss rate of its exciting star is substantially below those of WR stars associated with such nebulae. Unfortunately, the NRAO VLA Sky Survey (NVSS) has a southern declination limit of −40
• while the Southern Galactic Plane Survey (SGPS) has a Galactic latitude limit of −1.0 • for its continuum data. In the Parkes-MIT-NRAO (PMN) Surveys, PCG 11 can be identified as a local peak on a ridge of bright emission in PMN 4850-MHz images but the source is so weak against this confusion that it was excluded from the point source catalogue of the Southern Survey (declination −87
• to −37 • ).
MID-INFRARED IMAGES FROM THE MIDCOURSE SPACE EXPERIMENT (MSX)
The MSX images of the Galactic Plane with 6 ′′ pixels and 20 
2MASS IMAGES
The 2MASS images in J, H, and Ks were extracted and overlaid on both the Hα image and the matching Short Red (SR) exposure. We plan to pursue multi-colour CCD photometry at higher angular resolution for this source to refine the photometry and demarcation between the close stellar companions at the centre. Thus, the star adjacent to the exciting star of PCG 11 is both redder and brighter in the NIR and MIR than the exciting star itself. The IRAS Point Source Catalog contains a 60-µm-only object at the location of PCG 11. IRAS does detect emission from the relevant ISSA field, but securely only at 25 and 60 µm. This information appears in Table 3 , in the central star section, although the companion could also contribute to this FIR emission if it possessed a cool, detached, circumstellar dust envelope.
DISTANCE TO PCG 11
The stellar coadded spectrum is validated by the BJ magnitude; (Fig. 1) .
The resulting dereddened spectrum follows the Crowther model as far as the limit of our optical spectra (Fig. 9) , after which it declines more rapidly than the model SED. PCG 11's smaller IR free-free emission implies a lower mass loss rate than that of HD 151932 which is 6.6×10 −5 M⊙ yr −1 , assuming a homogeneous shell (Crowther 2005) . Typical values for WN7 stars are
loss rate of PCG 11's star based on the excess 8.3-µm flux density above the stellar photosphere. Allowing for a Rayleigh-Jeans contribution of the hot photosphere at 8.3 µm, the excess, dereddened (for AV =8.1 m ), flux density at this wavelength is ∼15 mJy.
We assume that this emission is entirely due to free-free emission. The mass loss rate (Wright & Barlow 1975) and comes from the nebula at large, not just the central star.
DISCUSSION
The emission-line spectrum of PCG 11 marks it as a WN7h star. Conti & Vacca (1990) and of OB stars (Garmany et al. 1982) . From the N-richness of PCG 11's central star and this apparent kinship with massive stars we conclude that PCG 11 is not a PN but rather a Population I WR ring nebula. Are other properties of this nebula in accord with this classification?
Two classical ring nebulae associated with Population I WN stars are NGC 2359 (HD 56925: WN4) and NGC 6888 (HD 192163: WN6(h)), and both were first studied in the radio continuum by Johnson & Hogg (1965) . Their single-dish measurements indicated a thermal radio spectrum. This result was confirmed by Wendker et al. (1975) using the Effelsberg 100-m dish and aperture synthesis at three frequencies. Wendker et al. also commented on the close agreement between the Hα and radio continuum morphologies. Furthermore, thermal spectra were derived for two ring nebulae around WC8 stars (WR 101 and 113) by Cappa et al. (2002), who compared spatially integrated 1.465-GHz VLA flux densities with those from the 4.85-GHz survey by Haynes, Caswell & Simons (1978) .
Although PCG 11 has only a single radio continuum measurement (from the MGPS), Cohen & Green (2001) elevating and perhaps overcorrecting for sky emission in our offsource locations. Mathis et al. (1992) analyzed the IRAS emission from three WR ring nebulae. They interpreted the low levels of 12-µm emission to imply that the dominant mechanism was continuum radiation from dust grains, rather than PAH emission bands. Thermal dust emission also characterizes these nebulae at 25, 60, and 100 µm but, to explain the brightness at 25 µm, Mathis et al. (1992) argued for transient heating of small grains in excess of 100 K. Our 170 K derived color temperature between 14.6, 21.3 and 60 µm in PCG 11 would be consistent with transiently heated small grains.
The weakness of the 8.3-µm emission detected in PCG 11 (Fig. 6) also suggests the absence of PAH emission, probably due to destruction by the WR star's wind.
Following Mezger & Henderson (1967, Appendix A, equations A.12, A.13, and A.14), the observed radio flux density can be converted into the mean density and mass of an ionized nebula.
Deconvolving the 843-MHz image (Fig. 5) Chu 1982) . It is clear that the accumulated ISM mass dominates the ejecta from the red supergiant precursor of the WN7 star, and that only a small fraction of the matter is ionized. Diffuse 21.3-µm emission appears confined to the rim where it is enhanced by limbbrightening (7). In §4 we derived a dust temperature of 170 K from this emission. Assuming that dust and gas are well-coupled at the periphery of the shell, we can assign the same temperature to the gas, leading to a sound speed of ∼0.7 km s −1 .
Scalloping appears around the whole interior of PCG 11 in gas that is a combination of swept up ISM and stellar ejecta. This is sandwiched between shocked ambient gas and an inner contact discontinuity at the interface with the stellar wind. Weaver et al. (1977) 
CONCLUSIONS
We characterize PCG 11 as a wind-blown bubble generated by a well-centred Population I Wolf-Rayet star of type WN7h. The stellar mass loss rate is much smaller than those of other WR stars in ring nebulae, and the ring is more distant from the Sun than these.
Both contribute to PCG 11's very low radio luminosity. This is proportional toṀ 4/3 (Wright & Barlow 1975) . The factor of 5 between PCG 11'sṀ and the average for WN7 stars (5 × 10 −5 M⊙ yr −1 ) reduces radio luminosity by almost an order of magnitude. Further reduction may be due to the low filling factor for ionized gas.
In producing the almost spherical ionized volume, approximately 200 M⊙ of the ISM was swept up by the advancing shell. Material at the inner boundary of that enveloping material suffers RayleighTaylor instability. This appears as a highly regular scalloping of the inner margin of the nebulous Hα ring, defined by fingers of infalling ionized matter. There is a very well-defined wavelength for this phenomenon in PCG 11 and it is observed around the entire nebular rim. No PN has the character of PCG 11's shell. The closest approach might be NGC 6894 which shows two or three large-scale scallops inside its bright rim. However, the outer edge of the rim is distorted, not circular, where these indentations occur and its overall structure may owe more to stripping by the ISM than to gravitational instabilities (Soker & Zucker 1997 
